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Abstract 
The current study investigated the link between statistical learning and orthographic 
regularity learning in Chinese children with dyslexia. Tasks of statistical learning and 
orthographic regularity learning were administered to17 clinically diagnosed dyslexics (mean 
age7 years and 6 months) and 24 age-matched controls (mean age 7 years and 7 months). 
Visual statistical learning was tested using a triplet learning paradigm in which participants 
had to detect and extract the temporal order of stimuli. Orthographic regularity learning was 
tested with an orthographic regularity pattern elicitation paradigm, in which participants were 
asked to invent orthographically legal pseudo-character with pairs of stroke patterns. A t-test 
comparison revealed that Chinese children with dyslexia had significantly poorer 
performance than controls in both orthographic regularity learning task and statistical 
learning task. Moreover, there was significant correlation between performance in 
orthographic regularity task and statistical learning task. For the first time, these results 
provide evidence that Chinese dyslexics have statistical learning difficulties, and such 
statistical learning deficit may be associated with their difficulties in orthographic regularity 
learning.  
Keywords: dyslexia, statistical learning, orthographic knowledge, Chinese  
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Chinese Dyslexic's Statistical Learning and Orthographic Regularity Learning 
A new theory has recently been proposed that impairment in statistical learning may be 
linked to reading and writing difficulties associated with dyslexia. Much attention has been 
dedicated to exploring statistical learning ability in dyslexics but diverging results of spared 
and impaired statistical learning were resulted. Furthermore, there was evidence showing that 
normal Chinese readers may gain knowledge about Chinese orthographic regularity rules 
through statistical learning (Tong& McBride, in press).Given that Chinese children with 
dyslexia have been reported to present with orthographic knowledge deficit (Ho, Chan, Tsang 
& Lee, 2002), questions have been raised about whether dyslexics typically present with 
statistical learning difficulty and if this difficulty might be related to their orthographic 
knowledge deficit. To answer these questions, the present study first attempted to investigate 
the statistical learning ability in Chinese children with dyslexia, which has never been 
explored. This would help provide one more piece of evidence informing the controversy 
around statistical learning ability in dyslexia. Secondly, the present attempted to correlate 
statistical learning ability with Chinese orthographic regularity learning.  
Statistical Learning in Dyslexics  
According to the Diagnostic and Statistical Manual of Mental Disorders (4th ed., 
American Psychiatric Association, 2000), dyslexia is defined as a reading disability found in 
children of normal intelligence presenting with no learning difficulties linked to factors such 
as sensory acuity deficits, neurological impairment or socioeconomic problems. The 
prevalence rate of dyslexia in the Hong Kong school population was about 12.6% in the year 
of 2007 (Chan, Ho, Tsang, Lee, & Chung, 2007). The difficulties dyslexics encounter may 
affect their academic achievements to various degree. In seeking the most suitable therapeutic 
direction for dyslexia, potential causes of their manifest reading problems have been studied 
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over decades. From behavioral evidence, dyslexics were found to have marked difficulties in 
analyzing and processing the phonological characteristics of words. It was generally believed 
that this deficit in phonological processing was the core problem which hindered reading and 
writing development in dyslexics (Snowling, 1995; Swan & Goswami, 1997). Thus dyslexia 
was considered to be a phonological disorder. However, an increasing number of studies 
reported the existence of people with dyslexia who demonstrated strong phonological 
processing ability (e.g., Hanley & Gard, 1995; Valdoris et al., 2011). This clear dissociation 
suggested the need to search for a more general learning deficit hindering reading and writing 
ability in dyslexics. Recently, the contribution of statistical learning in acquisition of reading 
and writing in normal children was suggested by accumulated evidence (e.g., Arciuli & 
Simpson, 2012; Treiman & Kessler, 2006). This has aroused the interest of researchers 
investigating statistical learning ability in dyslexics, who have hypothesized that it is linked 
to their poor evident literacy skills.  
Statistical learning refers to the ability to detect statistical regularities (frequency of 
occurrence, patterns of appearance, transitional probabilities, etc.) in stimuli, and learn 
embedded rules implicitly in the absence of conscious awareness. Many studies have 
suggested the existence of such a powerful learning mechanism in humans. For example, 
Saffran, Aslin and Newport (1996) found that 8-month-oldinfants were able to detect and 
apply the differences in transitional probabilities embedded in sequences (i.e., transitional 
probability between syllables within words is always higher than that between words) as cues 
to trace word boundaries and segment three-syllable words from a continuous nonsense 
speech stream. Likewise, Fiser and Aslin(2002) found similar ability in infants segmenting a 
stream of visual stimuli. This evidence shed light on the inborn human ability to extract 
regularities from complex visual and auditory features in environments and, hence, its 
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application in processing regularities embedded in spoken and written words. 
It is obvious that language contains much statistical regularity (e.g., articles should 
always be located before a noun phrase in English grammar; double consonants never begin 
words but appear within them in English spelling, and so on), and in this rule0driven 
environement, the role of implicit statistical learning in language acquisition has been hotly 
debated over several decades. A growing number of studies have proposed that statistical 
learning should play a key role in learning varieties of structures exemplified in language 
acquisition (e.g.,Arciuli, Monaghan & Seva, 2010;Kaefer, 2009; Pavlidou & Williams, 2010; 
Treiman et al., 2006) in addition to explicit teaching systems. Arciuli and Simpson (2011) for 
example, corroborated the significance of statistical learning in reading by examining the 
relationship between them. The results showed that statistical learning was significantly 
related to reading ability, and that statistical learning capacity was found to be a powerful 
predictor of variation in reading ability. 
Considering this high correlation between statistical learning ability and reading ability, 
the hypothesis emerged that statistical learning deficit might be one of the factors accounting 
for the poor reading ability of dyslexics. Numerous studies have been conducted to examine 
statistical learning in dyslexia but results have been mixed. Some studies showed that 
dyslexics exhibiting statistical learning deficit (e.g., Hedenius et al., 2013; Howard Jr., 
Howard, Japikse & Eden, 2006;VicarimMarotta, Menghini, Molinari, Baldi, & Petrosini, 
2005; Vicari, Marotta, Menghini, Molinari, & Petrosini, 2003) but some studies did not (e.g., 
Kelly, Griffiths, & Frith, 2002; Russeler, Gerth, & Munte, 2006; Waber et al., 2003;). For 
example, Vicari et al. (2003) investigated the sequence learning performance of dyslexics by 
comparing their change in reaction time to that of normal readers when responding to an 
unknown fixed sequence. Participants were required to press a button with reaction time 
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recorded whenever a particular colour appeared on screen. The sequence of colours was 
presented according to a fixed order. They found that normal readers were able to detect and 
learn the embedded sequence of colours more efficiently than the dyslexic group. This was 
reflected by the rapidly declining reaction time of their responses to the sequence along the 
task when compared to the dyslexic group. On the other hand, Kelly et al. (2002) also 
examined sequence learning performance of dyslexics by applying a similar paradigm, 
producing an opposing result. In the study, the dyslexic group and the normal readers were 
shown four boxes on a computer screen. Whenever a dot (visual stimuli) appeared in one of 
the boxes, they were required to press the corresponding response key with reaction time 
recorded. In fact, the spatial order of the visual stimuli followed a predetermined sequence. It 
was found that both the dyslexic group and the control group showed a similar degree of 
decline in the reaction time of their response to the spatial ordering along the task. This result 
indicated intact statistical learning ability in the participating dyslexics.  
On the basis of the controversy about statistical learning among dyslexics, it seemed 
worthwhile to gather more evidence with regard to the search for general factors accounting 
for reading and writing difficulties among dyslexics. Until now, most of the existing studies 
exploring statistical learning ability have focused on alphabetic dyslexia, and little attention 
has been paid to non-alphabetic dyslexia (e.g., Chinese). To avoid evidence bias, it was 
therefore also necessary to investigate statistical learning ability in Chinese children with 
dyslexia, which has never before been studied. The obtained results served to provide 
additional evidence fuelling controversy by variously supporting intact or impaired statistical 
learning ability among dyslexics.   
The Role of Statistical Learning in Orthographic Regularity Learning 
There is a considerable body of research showing that statistical learning ability plays an 
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indispensable role in orthographic regularity learning (e.g., Kaefer, 2009; Samara & 
Caravolas, 2014; Treiman et al., 2006). Kaefer (2009), for example, examined 
English-speaking pre-readers’ implicit orthographic knowledge towards the constituent 
structure of English words. Although pre-readers had very limited background knowledge of 
the letters making up words, the results showed that they were able to differentiate illegal 
words in which irregular constituents were embedded (e.g., mi23se ), from legal words. In 
related work, Samara et al. (2014) investigated the use of statistically predictable regularities 
by adults in learning artificial orthographic rules. Participants were exposed to lists of words 
in which an artificial orthographic rule was imposed (i.e., some consonants would only 
appear at word beginning while some consonants would only appear at word end). Following 
this, participants were given a list of words consisting of both legal words that followed the 
artificial orthographic rule and illegal words that violated the artificial orthographic rule. 
Results showed that participants were able to extract the embedded artificial orthographic 
rules and reject illegal words. This converging evidence illustrated the importance of implicit 
statistical learning in gaining orthographic knowledge in alphabetic language. 
Undoubtedly, Chinese, a non-alphabetic language, also contains certain statistical 
regularities that may call for application of statistical learning. For example, semantic radicals 
usually occupy the top or left part of Chinese characters while phonetic radicals usually 
occupy the bottom or right part (e.g.,  is the semantic radical and 青 (green) is the phonetic 
radical in 清 (clear);  is the semantic radical and 早(early) is the phonetic radical in 
草). In addition to the positioning of radicals, there are also positional constraints for stroke 
patterns. For example, the stroke pattern  will only appear at the top part of Chinese 
characters like 與(together) and 舉(raise) while the stroke pattern will only appear at 
the bottom part of a Chinese characters like 再(again) and 苒(blossom). Given the consistent 
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and repetitive regularity these positional constraints impose, it seems plausible that statistical 
learning also plays a key role in Chinese orthographic regularity learning. 
Indeed, there is compelling evidence for the need to emphasize statistical learning in 
Chinese orthographic regularity learning. For example, Wang, Liu and Perfetti(2004) tested 
awareness of untaught Chinese orthographic regularity rules in a group of alphabetic learners 
of Chinese who had learned Chinese only through only a one-year course. It was found that 
they were able to reject illegal Chinese characters containing invalid radical positions. Their 
implicit orthographic knowledge was believed to have been acquired by their exposure to 
ranges of Chinese characters. Similarly, a very recent study (Tong & McBride, in press) 
revealed that children of kindergarten age were able to learn and apply untaught positional 
regularities in stroke patterns, which are constituent units in Chinese characters, to make up 
legal pseudo-characters (i.e., characters that did not violate any Chinese orthographic rules). 
Tong et al. (in press) subsequently attributed kindergarteners’ implicit knowledge to 
statistical learning through their accumulated experience of and exposure to character 
structures. On the basis of these results, other research questions have arisen concerning a 
direct linkage between statistical learning and Chinese orthographic regularity learning.  
There has been no study to date examining the direct linkage between statistical learning 
and orthographic regularity learning. It is therefore important for the present study to take the 
very first step in verifying this hypothesized link, so as to provide evidence for the possible 
role of statistical learning capability underlying and predicting orthographic knowledge 
deficit among dyslexics. 
The present study 
Two research questions were addressed in this study. Firstly, the study examined 
whether Chinese children with dyslexia showed statistical learning deficit relative to normal 
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controls. We hypothesized that if Chinese children with dyslexia were impaired in statistical 
learning, they would show significantly poorer results in the statistical learning task than 
normal readers. Secondly, the study examined whether statistical learning capacity was 
related to Chinese orthographic knowledge. We hypothesized that if they are related, 
performance in statistical learning tasks would be significantly correlated with that of the 
Chinese orthographic regularity learning task.  
Method 
Participants 
A total of 41 Chinese children were recruited for the study. All of them were 
studying grade two in Hong Kong mainstream schools, which employed Cantonese as the 
medium of instruction. Among them, there were 17 children with dyslexia (mean age = 7 
years, 6 months; SD = 6.49 months) and 24 normal readers (mean age =7 years, 7months; 
SD = 3.39 months). The children with dyslexia were recruited from the Dyslexic Clinic at 
Hong Kong Polytechnic University and a local primary school in the New Territories. 
They were diagnosed as dyslexic by educational psychologists and were typically 
developing with no suspected neurobehavioral, sensorial or socio-economic problems 
reported by parents and teachers. The normal readers were recruited from two local 
primary schools in the New Territories and Kowloon in Hong Kong. All participants had 
showed normal intelligence according tp Raven’s Standard Progressive Matrices. Their 
literacy capabilities were measured by the Hong Kong Test of Specific Learning 
Difficulties in Reading and Writing (second edition) (HKT-SpLD II) and were shown in 
Table 1. Two groups were matched with age and non-verbal IQ. 
Table 1 
Characteristics of Participants 
Measures 
Dyslexic group 
n = 17 
 
Normal group 
n = 24 
F 
(1, 39) 
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M 
(SD) 
z-score 
Percentile 
rank 
 M 
(SD) 
z-score 
Percentile 
rank 
Raven’s 
Standard 
Progressive 
Matrices (24) 
19.47 
(0.38) 
- - 
 
20.46 
(0.32) 
- - 3.94 
Chinese 
word reading 
(150) 
48.12 
(4.65) 
- 1.25 11-15 
 
90.38 
(3.91) 
+ 0.33 66-70 48.40*** 
Chinese 
word 
dictation (96) 
20.29 
(2.68) 
- 2.00 1-5 
 
41.09 
(2.25) 
- 0.33 41-45 35.32*** 
Note: ***p< .001 
Measures 
Raven’s standard progressive matrices. This is a standardized test of nonverbal 
intelligence. In consideration of the cognitive capabilities of primary two students, only set A 
and B were used out of the 5 available sets. Each set consisted of 12 questions. A target 
matrix with one missing element was presented for each question. There were six choices for 
filling in the missing area to complete the matrix. Only one choice was best fit while the other 
five choices were distractors. The participants needed to process the matrix patterns carefully 
in order to eliminate the impossible distractors and choose the most appropriate ones. 
Chinese word reading. This test was adopted from HKT-SpLD(II) (Ho, Chan, Tsang, 
& Lee, 2000). It measured participants’ reading ability. It consists of 150 two-character 
words arranged in order of increasing difficulty. Participants were instructed to read aloud the 
words according to the given order. One mark was given for each correct word. The test was 
terminated when the participant failed to read 15 consecutive words correctly. The maximum 
score for this test was 150 points. 
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Chinese word dictation. This test was adapted from HKT-SpLD(II) (Ho et al., 2000). 
This test measured participants’ writing ability. It consists of 46 two-character words which 
were arranged in order of increasing difficulty. Experimenter read aloud the target words, and 
in response participants wrote the corresponding words on a provided paper. One mark was 
given for each correctly written character. The test was terminated when participants scored 
zero marks in eight consecutive words. The maximum score for this test was 96 points. 
Pseudo-character invention task. This test was adapted from a study by Tong & 
McBride (2014). It was designed to measure participants’ orthographic knowledge of Chinese 
characters by testing their sensitivity towards legal positions of non-radical stroke patterns. 
The non-radical stroke patterns used were components of regular characters. They were fixed 
visual-graphic pattern that could not be physically separated. These patterns conveyed neither 
semantic nor phonological information, so as to avoid the application of radical positional 
constraints that may have been explicitly taught by school teachers. 
Two types of stroke patterns were used, specifically fixed-position stroke patterns and 
free-position stroke patterns. Fixed-position stroke patterns only appear in specific positions 
within characters (e.g.,  only appears at the top position, as in 春(spring)). Free-position 
stroke patterns, conversely, appear in different locations varied across characters (e.g.,  
appears in the left position, as in 難 (difficult) or the right position, as in 嘆 (enjoy)). Each 
stroke pattern was printed in black on a white 10cm x 10 cm card. 
Stroke patterns used were listed in Appendix A. Patterns were chosen with reference to 
the Chinese character frequencies (Humanities Computing and Methodology Programme, 
2001) and the Hong Kong Corpus of Primary School Chinese (Leung & Lee, 2002). The 
combinability (i.e., the number of regular Chinese characters that were comprised of these 
stroke patterns) and the familiarity of the stroke patterns were approximately matched.  
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Two 30cm x 15cm character structure cards were also used. Each card consisted of two 
square boxes. The boxes in one card were horizontally linked (i.e., ), signifying Chinese 
left-right character structure (e.g., 銀(silver)). Boxes in the other card were vertically linked 
(i.e., ), signifying Chinese top-bottom character structure (e.g., 青(young)). 
Participants were given a pair of stroke patterns in each testing trial. One was a 
fixed-position stroke pattern while the other was either a fixed-position or free-position stroke 
pattern. They were asked to invent a pseudo-character word and place it in the appropriate 
character structure cards (i.e., if the character invented followed a left-right character 
structure, the stroke patterns were to be placed on the character structure cards signifying 
left-right character structure, and vice versa). There were four possible combinations for each 
pair. For example, four combinations were possible with two stroke patterns, namely A and B:
, ,  and . In the four combinations, each given pair of stroke patterns was 
carefully matched to ensure that only one arrangement was orthographically legal. 
The test comprised 29 trials. 12 of these targeted left-right structured characters and the 
remaining 17 trials targeted top-bottom structured characters. One mark was given for each 
correctly invented pseudo-character (i.e. fixed-position stroke patterns that were put in the 
correct positions).The maximum score for this test was 29 points. 
Statistical learning task. This test measured participants’ visual statistical learning 
ability. It was designed and modified based on the triplet learning task used in the study by 
Arciuli and Simpson (2011). The stimuli used were 12 newly invented figures that were 
formed by combining characteristics of two or more common shapes (circle, star. triangle, 
rectangle, arrow, cross, ellipse, hexagon, and diamond.). For example, was formed by 
combining elements of a star and a rectangle. These novel figures were adopted instead of 
familiar shapes to avoid any participants’ preferences towards specific shapes that might 
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attract additional attention and provide clues for segmentation. These 12 figures were 
grouped into four triplets. They were named: ABC, DEF, GHI and JKL as shown in appendix 
B (i.e., ABC was the first triplet group and A, B, and C were the figures within this triplet). 
There were two phases in this task. The familiarization phase aimed at habituating the 
participants with a stream of figures while the testing phases aimed at testing the participants’ 
ability to extract the embedded temporal order from the familiarization stream 
In the familiarization phase, a continuous stream of novel figures was presented. Figures 
appeared one at a time with a vision time of 1 second. A blank white screen with a vision 
time of 0.2 second was presented to separate each successive novel figure. The long vision 
time was set to avoid the effect of ‘attention blink’ (Shapiro & Raymond, 1997).The four 
triplets (ABC, DEF, GHI and JKL) described above made up the familiarization stream, and 
each triplet appeared 24 times in order to provide enough learning opportunities. Figures 
within a triplet always appeared in sequence but the order of triplet presentation was 
counterbalanced within the familiarization stream 
A cover task was adopted to ensure participants paid adequate attention to the stream of 
figures. For 6 out of 24 presentations of each triplet, one of the figures was presented twice in 
a row. The repetitions were equally distributed among the three figures within each triplet to 
prevent any boundary cues. For example, for the ABC triplet, each of AABC, ABBC and 
ABCC appeared twice and ABC appeared in the remaining 18 presentations. Participants 
were required to raise their hands in response to repeated figures. 
In the testing phase, 4 new triplets were created and were referred to as unusual triplets 
since they never appeared in the familiarization stream. Each unusual triplet was formed by 
combining one figure from each of the three different normal triplets, that appeared in 
familiarization stream. In each testing trial, both a normal triplet and an unusual triplet were 
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presented. The figures were presented one at a time with vision time of 1 second. A blank 
white screen with vision time of 0.2 second was again presented to separate each successive 
figure. The start of the first group of triplets was indicated by black number ‘1’against a 
white screen with vision time of 2 seconds. Similarly, the start of the second group was 
indicated by a black number ‘2’. The presentation order of the normal triplets and unusual 
triplets within each testing trial was counterbalanced. Also, the display numbers for each 
unusual triplet and each normal triplet in the testing phase were matched. Therefore, equal 
opportunities were given for both types of triplets if any subsequent statistical learning took 
place during the testing phase. 
All figures were displayed in black with a white background in the centre of a 15-inch 
notebook screen. Each figure was approximately 8cm x 8cm.  
A pilot test incorporating a total of 62 testing trials was conducted with three 6-year old 
children. However, the children showed impatience and fatigue in the long testing phase, and 
as a result, the number of testing trials was cut to 32. One mark was given for each 
successfully identified normal triplet. The maximum score for this test was 32 points. 
Procedures 
Consent was obtained from both the participants and their guardians. Participants were 
tested either in a quiet corner at home or at their school campus. They were assessed 
individually with five tasks according to the following order: Raven’s Standard Progressive 
Matrices, Chinese words reading, Chinese words dictation, pseudo-character invention test 
and statistical learning test. The task order was the same for all participants. Participants were 
given a 5-minute break during the sessions, if required. In the pseudo-character invention test, 
participants were asked to form the most ‘real-character-like’ pseudo-character using the 
given stroke pattern pairs. Two practice trials were conducted as a demonstration by the 
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experimenter. No feedback was given after the practice trials. In the statistical learning test, 
participants were presented with a continuous stream of novel figures in the familiarization 
phase. They were instructed to raise their hands whenever they saw two identical figures in a 
row. After the familiarization phase, participants were told about the triplet pattern in the 
stream, and that figures often lined up together in groups of three. The testing phase then 
started. In each test trial, participants were presented with a normal and an unusual triplet and 
required to verbally indicate which group of triplets they thought had appeared in the 
familiarization stream. No time limit was imposed. 
Results  
Did Dyslexic Group Do Poorer in Statistic Learning Task and Pseudo-Character 
Invention Task?  
The means and standard deviations in the performances of the pseudo-character 
invention task and the statistical learning task by both dyslexic and control groups were 
shown in Table 2. To compare the performances in the statistical learning task between the 
dyslexic group and control group, an independent sample t-test was conducted. The dyslexic 
group scored significant lower in statistical learning task than the control group, t(39) = 12.65, 
p < .001. d = 0.90. Similarly, an independent sample t-test was conducted to compare the 
performances of the dyslexic group and the control group, in the pseudo-character invention 
task. The dyslexic group scored significantly lower in the pseudo-character invention task 
than the control group, t(39) = 8.53, p < .001. d = 0.81. These results clearly indicate that the 
performance of the dyslexic group was poorer than normal readers in both the statistical 
learning task and the pseudo-character invention task. 
Table 2.  
Means, Standard deviation and t value of Different Tasks for Both Groups 
Measures 
(maximum score) 
Dyslexic group 
n = 17 
 
Normal group 
n = 24 
t(39) 
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M SD  M SD 
Pseudo-character 
invention task 
(29) 
21.53 2.24  26.54 1.10 8.53*** 
Statistical learning task 
(32) 
11.41 1.46  18.21 1.84 12.65*** 
Note: ***p< .001 
Was There Any Relationship Between Statistical Learning and Orthographic Regularity 
Learning?  
To examine the link between orthographic regularity learning and statistical learning, 
Pearson correlation analysis was conducted between the pseudo-character invention task and 
the statistical learning task after controlling for age. There was a significant positive 
correlation between the performances in the pseudo-character invention task and the 
statistical learning task, r = .932, p < .001. As shown in Figure 2, better performance in the 
statistical learning task was associated with better performance in the pseudo-character 
invention task. This indicated a strong, positive relationship between statistical learning 
ability and orthographic regularity learning. 
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Figure 2. Scatter plot showing the correlation between statistical learning and orthographic 
regularity learning 
Discussion 
The present study investigated statistical learning ability in Chinese children with 
dyslexia and also the relationship between statistical learning and Chinese orthographic 
regularity learning. In short, the results suggested that Chinese children with dyslexia are 
impaired in statistical learning. That is, they are insensitive towards the embedded temporal 
sequences of the presented stream of figures. Also, a positive correlation exists between 
statistical learning and Chinese orthographic regularity learning. Children with better 
statistical learning ability tend to have better Chinese orthographic regularity knowledge.  
Impaired Visual Statistical Learning in Dyslexics 
There are two possible explanations for dyslexic’s impaired visual statistical learning 
found in the present study. First, visual statistical learning may be affected by visual attention 
deficit. Visual attention deficit refers to the inability to allocate attentional resources 
efficiently among stimuli. The deficit was commonly found in dyslexics reported by studies 
(e.g., Badcock, Hogben, and Fletcher, 2011; Visser, Boden, & Giaschi, 2004). In the study by 
Badcocket al. (2011) for example, dyslexic children were shown to require much longer 
processing time to identify sequential stimuli than normal readers. In the statistical learning 
task used in present study, a continuous stream of figures was presented to participants. It 
was demanding for dyslexic participatns to handle this series of stimuli. They needed to 
employ much greater attentional resources than normal readers to process the presented 
figures due to their weaker visual attention. In this regard, dyslexic participants apparently 
concentrated much harder on the identification of the figures than normal readers, thus having 
less available attentional resources to deal with the central aspect of the task, which was to 
extract the embedded temporal sequence from the stream of stimuli (Vicari et al., 2003). Due 
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to having less available attentional resources for processing the temporal order of the stimuli, 
they in turn failed to detect the presence of triplet groups from the familiarization stream. 
This result is in line with the study of Baker, Olson and Behrmann (2004) in which visual 
statistical learning was demonstrated to be constrained by visual attention.  
Second, temporal processing deficit may also be linked with the discovered visual 
statistical learning deficit in dyslexics. Temporal processing is broadly defined as the 
cognitive process required dealing with two or more stimuli. This ability was sub-divided into 
three stages by Farmer and Klein (1995): determination of the stimuli, temporal order 
judgment and sequence matching or discrimination. In the statistical learning test, all dyslexic 
participants achieved 100% accuracy in identifying repeated figures during the cover task. 
This implied that they were able to recognize different figures and did not fail at the 
determination stage. However, they were more likely to fail at the temporal order judgment 
and sequence discrimination stages as dyslexics have been found to be impaired in these 
stages by extensive studies (e.g., Ben-Artzi, Fostick, Babkoff, 2005; Martino, Espesser, Rey, 
& Habib, 2001). The long stream of stimuli presented in the familiarization phase posed a 
great challenge for dyslexic participants. They expended much greater effort accurately 
distinguishing the temporal order of presented figures than normal readers, or even failed to 
do so (Ben-Artzi, et al., 2005). Consequently, they were not able to perceive the sequence of 
figures properly, let alone detect the embedded triplet patterns. 
Statistical Learning and Chinese Orthographic Regularity Learning 
Tong et al. (in press) took an important step in revealing the possible link between 
statistical learning and Chinese orthographic regularity learning. The present study attempted 
to verify this link and found a strong positive correlation between these factors. Children with 
better statistical learning ability were also found to have better orthographic knowledge as 
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well. This finding was in line with the reported relationship between statistical learning and 
other literacy skills, such as vocabulary knowledge (Evans, Saffran, & Robe-Torres, 2009) 
and reading ability (Arciuli et al., 2012). This found relationship indicates that statistical 
learning is likely to play an important role in Chinese orthographic regularity learning, 
 The current result suggests that statistical learning assists Chinese orthographic 
regularity learning by enabling better extraction of the positional constraints of stroke 
patterns embedded in characters. For example, always appearing in the upper part of 
characaters and this positional constraint is embedded across characters such as 曆 (date), 
歷 (to advert) and 磿 (to calculate). Learners gain knowledge of this constraint only if they 
are able to detect this pattern in 曆, 歷 and 磿. Similarly,when particiapants received the 
stroke patterns of  and in the pseudo-character learning task, they first had to analyse 
the positional constraints of the fixed-position stroke pattern . Next, they had to apply this 
positional constraint to invent a novel character. As a result, an orthographically legal 
pseudo-character  was formed. This example clearly illustrates how statistical learning 
may contribute to the successful invention of pseudo-characters. Therefore, as supported by 
the ability of participants to invent orthographically legal novel pseudo-characters by 
applying untaught positional constraints of stroke patterns, it is believed that statistical 
learning may assist Chinese orthographic regularity learning by enabling detection and 
extraction of orthographic rules embedded among exposed characters.  
In view of the current results, which showed the strong positive correlation between 
statistical learning and orthographic regularity learning, and also the possible contribution of 
statistical learning in Chinese orthographic regularity learning, it is reasonable to propose that 
statistical learning might be one of the underlying factors associated with the impairment of 
orthographic knowledge in dyslexics by studies (Ho, Chan, Tsang & Lee, 2002). We 
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hypothesize that when dyslexics learn Chinese written words, they cannot detect the 
positional constraints or radical information embedded in characters as efficiently as normal 
readers do. Orthographic knowledge deficit might then result from this. A similar framework 
in explaining orthographic knowledge deficit in dyslexia was also discussed in foreign studies 
(e.g., Arciuli & Cupples, 2006; Deacon, Conrad, & Pacton, 2008). 
Theoretical Implications 
The present study supports the hypothesis that dyslexia is a cognitive processing 
disorder rather than a language processing disorder. Current results indicate that statistical 
learning is impaired in dyslexics. Together with the discovered relationship between 
statistical learning and orthographic regularity learning, we propose that impaired statistical 
learning may be associated with the orthographic knowledge deficit in dyslexia. In addition to 
orthographic regularity learning, there exists evidence showing that statistical learning also 
links with other literacy skills (e.g., reading, vocabulary knowledge). The present study 
attempts to generalize from the current results in line with these findings, and hypothesizes 
that impaired statistical learning not only influences the orthographic regularity learning, but 
also influences the overall ability to read and write in dyslexia (Vicari et al., 2005).  
Clinical Implications 
The current results suggest that impaired statistical learning must be taken into account 
when designing training programs for dyslexics. Language acquisition involves both explicit 
and implicit ability (Gombert, 2003). Nonetheless, dyslexics may mostly rely on explicit 
teaching to acquire literacy skills due to their impaired implicit statistical learning ability. To 
improve their efficiency in learning, they must be taught explicitly about the embedded rules 
in spoken and written words. Explicit teaching should be adopted as the predominant 
teaching strategy for dyslexics.  
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Limitations and Further Research 
Although the present study has yielded some important preliminary findings, we must be 
aware of some limitations in the study. First, the sample size may have been too small (17 
Chinese dyslexics and 21 normal readers) for the data obtained to represent the whole 
population. Further larger-scale studies are encouraged to confirm these results. Second, the 
age range of participants may have been too narrow. This restricts any interpretation being 
made of the relationship between development of statistical learning ability and development 
of Chinese orthographic knowledge. Data should be sought from a wider age range, if 
possible, to extract information about the development of statistical learning relative to the 
development of Chinese orthographic knowledge and provide stronger evidence supporting 
the role of statistical learning in Chinese orthographic knowledge acquisition. Third, the 
present study assessed only one form of statistical learning ability, temporal context learning, 
but not motor sequencing learning which is another significant form of statistical learning. 
Motor sequencing learning is commonly used in studies investigating statistical learning of 
dyslexics and this aspect of learning among dyslexics is also a controversial (e.g., Viacari et 
al., 2003; Kelly et al., 2002). To provide more comprehensive evidence for statistical learning 
ability in dyslexia, both forms of statistical learning ability should be investigated in future 
studies. Fourth, admittedly, the data obtained and the statistical analysis that was used do not 
allow us to confirm a causal relationship between statistical learning deficit and orthographic 
knowledge deficit in dyslexics as we cannot eliminate other confounding factors. This 
suggests future research should investigate the possible existence of such a direct causal 
relationship between statistical learning difficulty and orthographic regularity learning 
difficulty. 
Conclusion 
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In conclusion, the present study demonstrates for the first time that Chinese children 
with dyslexia experience statistical learning difficulty in comparison to age-matched normal 
readers. The results also suggest that statistical learning and Chinese orthographic regularity 
learning are strongly correlated. It therefore appears possible that statistical learning deficit in 
dyslexics may be a factor affecting their mastery of orthographic regularity. 
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Appendix A. 
Stroke Patterns used in Pseudo-Character Invention task 
Trials 
stroke pattern pairs Legal 
Pseudo-Character 
formed 
Fixed position Free-position 
Practice A 
   
Practice B 
  
 
1 
  
 
2 
 ,  
- 
 
3 
   
4 
  
 
5 
 ,  
- 
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6 
   
7 
  
 
8 
 ,  
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9 
   
10 
   
11 
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12 
   
13 
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14 
 ,  
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15 
   
16 
 ,  
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17 
  
 
18 
  
 
19 
  
 
20 
  
 
21 
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22 
  
 
23 
   
24 
  
 
25 
   
26 
  
 
27 
   
28 
  
 
29 
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Appendix B. 
Newly Invented Figures used in Statistical Learning Task 
 
 
 
